ABSTRACT. TT virus (TTV) is not only an infectious agent of worldwide distribution but has also been demonstrated in various non-human primates in addition to humans. In the present study, we subjected the sera of 67 gibbons to PCR and nucleotide sequencing, with subsequent phylogenetic analysis to determine the nature of the relationship between TTV found in humans and non-human primates. We discovered the virus in 9/67 (13.4%) of the gibbon sera and subjected 6 of those to direct sequencing. The phylogenetic tree constructed encompassed all TTV species known to date, revealing a close proximity between the gibbon virus and those detected in Thai individuals, whereas the chimpanzee strains were phylogenetically more remote. KEY WORDS: gibbon, TT virus, TTV.
TT virus (TTV) constitutes a novel parenterally transmissible agent first isolated by representational difference analysis (RDA) [4] as a 500-nucleotide clone from the serum of a patient (TT) with post-transfusion hepatitis of unknown etiology [5] . Subsequent molecular analysis led to its further characterization as a non-enveloped, single-stranded DNA virus devoid of sufficiently high sequence homology to any nucleotide sequence published to date [8] . In the course of ensuing studies, at least five different genotypes of TTV have been isolated from serum of infected individuals in Japan where it has been found highly prevalent among patients at risk for contracting blood-borne agents as for example hemophiliacs, hemodialysis patients and intravenous drug users (IVDU). Moreover, TTV was detected at a frequency of almost 50% among patients with non-A-to-G hepatitis and chronic liver disease [8] .
Here in Thailand, our group has detected circulating TTV DNA in a mere 9% of hepatocellular carcinoma (HCC) patients most of who showed double or triple infections with the other hepatitis viruses HBV, HCV and HGV, respectively [11] . Moreover, upon comparing the prevalence of TTV infection discernible in HCC patients with that established at 7% in the control group of voluntary blood donors no essential difference became apparent [9, 11] .
In order to better understand the relationship between TTV and its hosts a Japanese team of researchers undertook to testing 400 sera from non-human primates for the presence of TTV DNA applying polymerase chain reaction (PCR) with primers representative of the 5'-non-coding region (NCR) of the viral genome followed by nucleotide sequencing and phylogenetic analysis. TTV DNA was detected in 89% chimpanzees and 14% crab-eating macaques with the respective nucleotide sequences exhibiting 80-to -100% homology between both species, yet differing by 24 to 33% from those viral sequences isolated from humans. Based on phylogenetic analysis, all simian TTV isolates which could be classified into three different genotypes were found to comprise a group different from, yet closely related to, TTV in humans [1] . A Dutch group obtained comparable results in that they discovered TTV infection in sera from both common and pygmy chimpanzees at frequencies amounting to 48.8% and 66.7%, respectively. Phylogenetic analysis, also comprising human TTV of all known genotypes has demonstrated TTV from pygmy chimpanzees to be closely related to human TTV genotypes 2 and 3, and TTV sequences from common chimpanzees to cluster together with human TTV genotypes 5 and 6, the latter only at the protein level [12] .
The purpose of the present study has been to expand the phylogenetic analysis by inclusion of gibbons as another simian species closely related to humans and hence, to investigate sera obtained from these animals for the presence of TTV or TTV-like DNA to be further characterized by direct sequencing. TTV isolated from various Thai individuals served as a comparison.
The animals collected for the present study were 67 healthy gibbons kept at the Krabok Koo Wildlife Breeding Center, Cha-Cheng-Sao province, Thailand. Blood samples were obtained by veinpuncture during a brief period of anesthesia by Ketamine according to routine health care programme. The sera were separated by centrifugation and stored at -70°C until further analysis.
Serum DNA was isolated with proteinase K in Tris/SDS buffer followed by phenol/chloroform extraction and ethanol precipitation. TTV-DNA was detected by polymerase chain reaction using semi-nested primers. According to Okamoto et al. [8] the nucleotide sequences of the TTV primers derived from the N-22 region, which represents the conserved sequence of the 5 genotypes described to date, were: NG 001 (5' CAG ACA GAG GAG AAG GCA ACA TG 3'), NG 061 (5' GGC AAC ATG TTA TGG ATA GAC TGG 3') and NG 063 (5' CTG GCA TTT TAC CAT TTC CAA AGT T 3'). The amplification reaction was performed in a 50 µl reaction volume containing 1 U of Taq polymerase (Pharmacia), and each of four deoxynucleotide triphosphates at a concentration of 200 µM, primer pairs NG 001 and NG 063 for the first round, and NG061 and NG 063 for the second round, respectively, at a concentration of 1 µM each, 10 mM Tris, 1.5 mM MgCl 2 and 5 µl of each DNA sample. The first round amplification reaction using primer pair NG 001 and NG 063 was performed for 30 cycles (denaturation at 94°C for 36 sec, annealing at 55°C for 42 sec, and extension at 72°C for 90 sec, final extension at 72°C for 10 min). The second round of amplification was performed using 4 µl of the PCR product along with primer pair NG 061 and NG 063 for 30 cycles under identical conditions in a final reaction volume of 30 µl. The product band will show at 271 base pairs. Sera obtained from IVDU and known to be positive for human TTV-DNA and sterile water were used as positive and negative controls, respectively.
The PCR product was purified for sequencing using the QIAquick PCR Purification Kit (Qiagen Inc., Valencia, CA, U.S.A.) according to the manufacturer's specifications and subsequently subjected to 2% agarose gel electrophoresis in order to ascertain its purity. DNA were subjected to cycle sequencing using dye-labeled terminators according to the manufacturer's specifications and subsequently prepared for loading on the ABI Prism 310 Genetic Analyser (Perkin Elmer Cetus, Branchburg, New Jersey, U.S.A.).
Analysis of the TTV sequences was performed using the Clustal X software package. Phylogenetic analysis of nucleotide was performed applying the PHYLIP software package, version 3.572c. The PHYLIP program SEQBOOT was used for bootstrapping data in which 500 data sets were analyzed. Pairwise distances were calculated applying the kimura two-parameter method and the NEIGHBOR program [12] . The nucleotide sequences of eight TTV strains isolated from Thai individuals (GenBank accession nos. AF 072867-9, 073794-6, 078114-5) served as a comparison for phylogenetic analysis.
Applying polymerase chain reaction with semi-nested primers we could establish the presence of TTV DNA in 9 of the 67 (13.4%) gibbon sera examined. We randomly selected 6 of those 9 clearly PCR products for direct sequencing using both inner PCR primers NG 061 and NG 063 for the forward and reverse reaction, respectively. The six TTV nucleotide sequences thus obtained have been submitted to GenBank (accession nos. AF250213-AF250218).
In order to determine the relationship of the viruses isolated from the 6 gibbons with the six human TTV genotypes described by Tanaka et al. [10] we generated unrooted phylogenetic trees of the nucleotide sequences. The neighborjoining phylogram including all TTV nucleotide sequences stored in GenBank to date is shown in Fig. 1 . Gibbon TT viruses along with all the Thai human TTV strains cluster with human TTV genotypes 1a and 1b, whereas the chimpanzee viruses are situated on different branches of the tree and hence, more closely related to human genotypes 4 and 5.
As other research groups have previously demonstrated, infection with TTV is not restricted to humans but can be detected in various species of non-human primates [1, 6, 12] . In the present study we have established that infection with this agent can also occur in gibbons in that we discovered TTV sequences in 9 out of altogether 67 gibbon sera (13.4%) examined applying a human TTV-specific PCR assay. Thus, compared with the frequency of TTV infection established at 7% in voluntary blood donors and pregnant women [9] , its prevalence among gibbons is not strikingly different. However, the amplified product, N22 region, was not from the non-coding region of the virus, which is more highly conserved compared with the N22 coding region. As a result, the prevalence rate was not as high as that found in humans, non human primates and farm animals [3] . Upon establishing the nucleotide sequences as well as an unrooted phylogenetic consensus tree, we furthermore found the gibbon virus more closely related to TTV genotypes 1a and 1b identified in those viruses isolated from Thai individuals than to genotypes 4 and 5 detected in chimpanzee, which themselves appear more closely related to TTV found in humans of different ethnic extraction. In general, as shown in Fig. 1 , TTV of all 6 genotypes identified by Tanaka et al. [10] does not exhibit any significant geographic clustering but rather appears to be distributed worldwide. Hence, no geographically predominant genotype can be defined.
Transmission of TTV among the gibbons has not been investigated in this study. All the animals examined, though born in the forest, have not only been raised by humans but ever since been kept in captivity, be that as pets at a very young age, or later in the National Wildlife Research Center. Hence, although perinatal transmission cannot be ruled out it appears more than likely that at least the primary infection occurred as a transmission of TTV from man to gibbon. This assumption is further strengthened by the fact that the close phylogenetic relation observed exists between the gibbon TTV strains and those found in Thai individuals (GenBank accession nos. AF 072867-9, 073794-6, 078114-5). Since keeping gibbons as pets is rather widespread in Thailand, the virus might well have been transmitted from human handler to pet in the process of feeding or otherwise handling the gibbon, particularly as these animals are rather aggressive and tend to bite not only each other but their respective handlers, as well. Further transmission and DNA sequences from six human TTV genotypic variants which include eight. Thai human TTV strains. The tree represents an unrooted consensus tree based on the nucleotide sequences, obtained with the neighbour-joining method. The six different TTV genotypes as described by Tanaka et al. (1998) are indicated. The human TTV isolates are identified by their GenBank database accession numbers followed by a two-letter code for their contry of origin. Co, Colombia; Ja, Japan; It, Italy; Mo, Mongolia; Ge, Germany; Ch, China, Ca, Cameroon; SL, Sierra Leone; Ga, Gabon; UK, United Kingdom; In, Indonesia; Al, Albania; Sr, Sri Lanka; Uz, Uzbekistan; Th, Thailand; Za, Zanzibar. Sequence data of TTV described in this article were submitted to GenBank accession number AF250213-AF250218.
between the gibbons might have followed an identical route. Alternatively, based on the detection of TTV in human feces [7] the virus might have been spread between the gibbons by the fecal-oral route, a scenario highly probable, especially under conditions where strict hygiene should not be expected to be practiced.
As is the case with human infection [2, 9, 11] , the question remains whether TTV does actually cause disease in gibbons. As has been reported in the case of chimpanzee [12] neither were any overt clinical signs corresponding to TTV infection detectable in gibbons. Likewise, there was no evidence of hepatitis either. Thus, we can add our recent observations in gibbons to those made in humans and chimpanzee in that the actual disease-related potential of TTVlike viruses remains to be elucidated.
